This study used locally available raw materials to enrich the contents of provitamin A (β-carotene) and other nutrients in a maize-based traditional complementary food for infants and pre-school children in Benue State, Nigeria. Fermented maize, dehulled soya bean, and sliced mango mesocarp were dried in a mobile wooden solar cabinet dryer (65°-70°C) to a moisture level of 8% to 10%. The dried products were milled separately. Blends containing different proportions of the flours were prepared to determine the most appropriate blend for preparing porridge, which was tested by sensory evaluation. The most appropriate blend consisted of 55% maize, 25% soya bean, and 20% mango flour (blend B). Its β-carotene content was 233 µg/100 g. The β-carotene contents of other blends were 199 µg/100g for 60% maize, 25% soya bean, and 15% mango (blend C), and 158 µg/100 g for 70% maize and 30% soya bean (blend A), whereas that of traditional maize akamu was 67 µg/100 g. The provitamin A retention percentages were 89% for blend A, 92% for blend B, 91% for blend C, and 88% for akamu. A healthy, well-fed infant 6 to 11 months of age is expected to consume 200 to 300 ml of the porridge, which provides 13 to 20 µg of retinol activity, compared with 1 to 2 µg of retinol activity expected from akamu.
Introduction
Maize plays a very important role in the diets of most people of Nigeria. It is used in different consumable forms, among which is the fermented food product called akamu (Ibo and Hausa) or ogi (Yoruba). It is widely used as a complementary food for infants. Unfortunately, maize is not a good source of protein, and the traditional methods of processing it to make akamu deplete it of nutrients, such as the already meagre proteins and micronutrients. This problem stimulated work by several authors on methods of reducing these losses [1] [2] [3] [4] [5] [6] [7] [8] [9] . Akinrele and Edwards [10] enriched ogi with soya bean to form a product known as soy-ogi, which has wide acceptability in Nigeria. It is a good source of protein because of the added soya bean, and consequently is used as a complementary food for breastfed infants. In spite of these efforts, however, the problem of low micronutrient levels, particularly vitamin A, in the product has not been given research attention. Vitamin A deficiency is the most important cause of childhood blindness in developing countries. It also contributes to morbidity and mortality from common childhood infections. WHO [11] estimated that vitamin A deficiency, including clinical and subclinical forms of severe and moderate degrees of public health significance, exists in 60 countries, and it is likely to be a problem in at least another 13 countries. At least 254 million children of pre-school age are at risk in terms of their health and survival. In Nigeria vitamin A deficiency affects 9.2% to 17% of children and 7.2% to 15% of mothers [12] , depending on the area.
Vitamin A deficiency is more prevalent in the northern part of the country, including Benue State, than the south. Most of the intervention strategies that are being applied are expensive, do not adequately reach the target population, and have low sustainability in rural settings. Consequently, enriching the vitamin A content of any widely consumed traditional food using readily available food commodities and adaptive processing methods would help to reduce the prevalence of vitamin A deficiency in infants, the most vulnerable group. The mesocarp of mango fruit is a good source of provitamin A, with reported concentrations of 2,400 mg/100 g [13] . A wide variety of processed products derived from mango fruits include canned whole or sliced mango pulp in brine or in syrup, mango juice, nectar, jam, sauce, chutney, and pickle [14, 15] . Mango trees grow in home gardens, roadsides, and forests all over Nigeria. During the fruiting season, there is always spoilage because of lack of adequate storage facilities. Drying the mesocarp would help to reduce the in-season wastage of the fruit and diversify its uses in food. Incorporation of mango mesocarp flour into a blend of maize and soya bean flours might enrich the provitamin A content of the complementary food in comparison with the traditional akamu and soy-ogi. The purposes of this study were to develop a complementary food blend rich in provitamin A and other micronutrients and to evaluate the chemical and organoleptic qualities of the product.
Materials and methods

Collection of raw materials
Maize (Zea mays L.), soya bean (Glycine max Merr.), and mango (Mangifera indica L.) were purchased from local markets in Benue State. The mangoes were bought during the April 1998 fruiting season.
Preparation of fl ours
Maize grains were cleaned and submerged in cold tap water at 34 ± 2°C and allowed to ferment naturally for 48 hours. The water was changed every 24 hours. After fermentation, the water was drained off and the grains were spread on metal trays.
Soya bean grains were cleaned and blanched in hot water (96 ± 3 o C) for 30 minutes. This was followed by washing in cold tap water to remove the hulls. The water with the hulls was discarded, and the dehulled soya beans were drained for 45 minutes in a basket and then spread on metal trays.
Mangoes were peeled with a sharp kitchen knife, and the mesocarp was sliced off the hard nut. The slices were trimmed to 5 × 2 × 0.3 cm and spread on metal trays to a depth of about 0.6 cm.
The blanched soya beans, fermented maize, and mango mesocarp slices spread on trays were put into the dryer through a vent in the lid at the lower part of the back wall of the dryer. The dryer was kept in the sun, and at the end of each drying session (usually when the dryer temperature dropped below 65°C), when the sun had set, the food items were removed and put separately into cans with lids and stored in a freezer at -18°C, while the dryer was kept in the processing laboratory. This process of drying was continued, and samples were taken at 2½-hour intervals for determination of β-carotene and moisture, until they dried to the desired moisture content (8%-10%). The operating temperature of the dryer was in the range of 65° to 70°C. The maize, soya bean, and mango were dried for 2, 5, and 10 days, respectively, for five hours every sunny day.
During the drying process, the materials were occasionally turned to enhance even drying. The dried materials (maize, soya bean, and mango mesocarp) were then separately milled and sieved into flours through a muslin cloth and packaged in low-density polyethylene bags and stored in covered tins in a freezer at -18°C, from which samples were taken for β-carotene determination and subsequent use.
Preparation of akamu
Our method of preparing akamu was similar to the traditional method, except that the period of fermentation was longer in our study (72 hours), the fermented grains were wet-milled, and the final product was in paste form.
Formulation and storage of the blends
Blends with different proportions of maize, soya bean, and mango mesocarp flours were prepared. A blend with no mango flour was used as the control. An electronic top-loading digital weighing balance and a Kenwood Cheff mixer were used for weighing and mixing the flours. Blends of the developed product and akamu were packaged in low-density polyethylene bags in packs of 200 g each and stored at a temperature of 30° to 34°C, simulating local market conditions, for a period of five months (April-September, 1998). Initially samples for β-carotene determination were taken every two weeks, but later they were taken once a month.
Analysis of the blends and of akamu
Moisture, protein (N% × 6.25), fat, fibre, ash, and β-carotene (provitamin A) were determined by the methods of the AOAC (Association of Official Analytical Chemists) [16] . Carbohydrate was calculated by difference. The ash samples were made into solutions, as described by Buchanan-Smith et al. [17] , and the minerals were determined by an atomic absorption spectrophotometer. The energy value was estimated from Atwater factors (protein × 4, carbohydrate × 4, fat × 9). The pH was determined as described by Pearson [18] . The method of Mosha and Svanberg [19] , slightly modified, was used to determine viscosity. A porridge was prepared by heating a slurry containing 17% of each flour blended with water to a cooking temperature of 96°C for five minutes with continuous stirring. The porridge was transferred to a water bath at 40°C, and the viscosity was measured with a Brookfield Synchro-Electric Viscometer (Model LV8, Chington UK).
Amino acids
The amino acid compositions of the blends and of akamu were determined according to the procedure described by Spackman et al. [20] . The hydrolysate was injected into the Technicon Sequential Multisample (TSM) Amino Acid Analyzer. Norleucine was used as internal standard with other reference amino acid standards. The column operating conditions were as follows: flow rate, 0.50 ml/min; temperature, 60°C; resin bed, 23.0-23.5 cm (acid-neutral column) and 45-5.0 cm (basic column); sensitivity, 25 nm; wavelength, 440 nm for proline and 570 nm for other amino acids.
Sensory evaluation and statistical analysis
Porridge samples made from each blend and from akamu, prepared as previously described, were served warm (40°C) to an untrained 10-member taste panel composed of both staff and students (including nursing mothers) of the university community who were familiar with the products. The judges were instructed to evaluate the samples for texture, colour, flavour, and general acceptability using a 9-point hedonic scale where 9 indicated "like extremely" and 1 indicated "dislike extremely." Two panel sessions were conducted. The average scores obtained were subjected to analysis of variance [21] , the means were separated by the Duncan multiple-range test [22] , and Tukey's test [23] was used to determine the degree of difference between samples.
Results and discussion
Appearance of fl ours, blend, and akamu paste Figures 1 and 2 show the steps involved in the preparation of the flours and of akamu paste, respectively. The drying was done in a solar cabinet dryer. The processing conditions for the flours were controlled, quite unlike the steps in simulated traditional preparation of akamu paste, where fermentation was continuous and was terminated only during the making of porridge. This had quality implications, such as lack of consistency in the product and, perhaps, loss of organoleptic values as well as some nutrients. There was a slight change in the colour of the paste from white to creamy white. The colours of the maize, soya bean, and mango mesocarp flours were white, cream-white, and lightyellow, respectively.
The proportion of the flours in each blend is presented in table 1. The colour of the blends ranged from cream-white to light-brown. However, the colour differences were not significant (p > .05). The control blend of maize and soya bean flours (blend A) did not differ from the others in appearance. This implied that the blends did not deviate physically from the product the assessors were familiar with. The blends were free-flowing because of their dried state.
Chemical characteristics and viscosity
The chemical characteristics and viscosity of the blends and of akamu are presented in table 2. The moisture content of the blends ranged from 8.7% to 9.5%, suggesting that the blends could be shelf-stable. This would be an advantage to the target population, which might not have access to storage facilities, such as refrigerators. In contrast, the moisture content of the akamu paste was 19.8%. The blend of 70% maize and 30% soya beans (blend A) had a relatively high protein content (18.7%), and the rest of the blends had 17.4% to 17.6% protein. The content of fat ranged from 8.5% to 8.9%, that of ash from 2.3% to 2.6%, that of Use of mango mesocarp fl our safe intake levels are 350 µg/day, or 78 to 39 µg/kg, for children 0 to 1 year old and 400 µg/day, or 26 µg/kg, for children 1 to 6 years old. For planning purposes, the basal vitamin A requirement is 250 µg/day and the recommended safe intake level is 550 µg/day [11] . The complementary food we developed contained 233 µg of provitamin A per 100 g, which translates to 38.8 µg of retinol activity per 100 g. A healthy, well-fed infant 6 to 11 months of age is expected to consume 200 to 300 ml of the porridge at a meal, and this quantity was estimated to provide 13 to 20 µg of retinol activity. This value was significant (p < .05) when compared with 1 to 2 µg retinol activity expected from porridge prepared with akamu. This is expected to contribute appreciably to the basal requirements in infants and pre-school children fed with the blend. The addition of mango flour slightly increased the ash, fibre, and carbohydrate contents of the blend. There was a slight drop in pH (4.9-4.7) with the addition of mango flour. However, the pH of akamu paste was 3.7 because of the uncontrolled fermentation that apparently continued.
Fermented food products have some antimicrobial activity [26] , which could improve their stability. The porridge made from the blends was easy to swallow, with viscosity in the range of 2,208 to 2,350 cp. The addition of mango flour decreased the viscosity of the porridge by about 6%. A liquid consistency of 1,000 to 3,000 cp is expected for complementary foods [27] for tropical climates. Table 3 presents the mineral composition of the blends and of akamu. Calcium, magnesium, phosphorus, and potassium were present in relatively high quantities, which were higher in the blends containing mango. Iron, zinc, and sodium were present in reasonable amounts. Calcium is required for the development of bone mass in infants. However, genetic background, hormonal changes, physical activity, and nutrition may influence bone mass [28] . Milk and milk products are good sources of calcium, but they are expensive, and hence the developed complementary food (blend B) could make a reasonable contribution to the consumer, particularly the target group. The bioavailability of iron and zinc is enhanced by certain amino acids, such as cysteine, lysine, and especially methionine. Zinc deficiency occurs in many populations in developing countries and is increasingly recognized as an important public health problem [29] . Zinc deficiency may contribute significantly to growth stunting in young children [30] , delayed maturation, poor appetite, and impaired immune function. It may also contribute to the major causes of morbidity in young children [31] and increased mortality in mothers and their babies [32] . The quantities of all the minerals were relatively low in akamu paste.
Amino acid composition
The blends and akamu contained essential and nonessential amino acids, with akamu having very low values of amino acids (table 4). The 70% maize and 30% soya bean blend (blend A) had higher levels of amino acids than the other blends. This was expected because this blend has more soya bean than the other blends; akamu contains no soya bean. In general, the levels of amino acids decreased as the amount of mango flour increased. However, in the blend containing 55% maize, 25% soya bean, and 20% mango mesocarp (blend B), the histidine, isoleucine, and phenylalanine concentrations were comparable to the values of 4.0 g/16 g N for isoleucine [33] , 2.4 g/16 g N for histidine, and 2.8 g/16 g N for phenylalanine [34] that are reported for standard proteins. Lysine (3.3 g/16 g N), leucine (3.1 g/16 g N), glutamic acid (5.4 g/16 g N), aspartic acid (2.3 g/16 g N), and tyrosine (2.3 g/16 g N) were present in reasonable quantities in the blend, whereas methionine was relatively low. The quality of a protein is determined by its amino acid composition. The quantity of protein obtained from a diet depends on the amount of food consumed and the protein content of the food. Foods with a low protein content may provide useful amounts of protein if consumed in sufficient quantity. The amino acid composition of the developed complementary food (blend B) suggests that it would be a good dietary product for infants and pre-school children. 
Sensory evaluation
There were no significant differences among the three blends in sensory attributes except for flavour (table 5) . The flavour of the porridge prepared from the blend of 55% maize, 25% soya bean, and 20% mango mesocarp flour (blend B) was most preferred (p < .05). There were no significant differences in the general acceptability of the blends, but the blends were significantly more acceptable than akamu.
Conclusions
An acceptable complementary food blend of 55% maize, 25% soya bean, and 20% mango mesocarp flours with enhanced provitamin A content was developed by using technology that is very easy to adapt to rural settings. The chemical composition of the blend suggests that it could meet the nutritional requirements of infants and pre-school children. Further studies are in progress in our laboratory on the complementary food. Use of mango mesocarp fl our
